In idiopathic methaemoglobinaemia, of which we have investigated'some cases, the occurrence of an atypical form of methaemoglobin' abnormally resistant to reduction has been postulated by Lian, Frumusan & Sassier [1939] as an aetiological factor. It thus became of interest to examine the evidence which has been put forward by Vestling [1942] against the unitary view of methaemoglobin. This author found that methaemoglobin made from haemoglobin by the action of nitrite was much less readily reduced by ascorbic acid than methaemoglobin formed by the action of ferricyanide, and suggested that these two spectroscopically similar products [Austin & Drabkin, 1935 ] differed chemically. The reaction is also of interest because it has been applied clinically by Deeny, Murdock & Rogan [1943] in the treatment of idiopathic methaemoglobinaemia.
The experiments reported here indicate that there is no chemical difference between nitrite-and ferricyanide-prepared methaemoglobin, so far as reduction by ascorbic acid is concerned, and that the differences observed by Vestling are due to the presence of ferrocyanide. RESULTS The effect of ferrocyanide on the rate of reduction of nitrite-methaemoglobin. The effect of the addition of AVarying amounts of K4Fe(CN)6 on the reaction between nitrite-methaemoglobin (nitrite-MHb) and ascorbic acid is shown in Fig. 1 . With the amount of CO absorbed in the first 5 min. as a measure of the velocity of the reaction, it was found that the acceleration produced was directly proportional to the amount of ferrocyanide added until the level of one equivalent was reached; beyond this point the relation does not hold, in part because a 5 min. period is too long to give a true measure of the initial velocity of the reaction when this is high. It will be noticed that in Fig. 1 Ferricyanide + ascorbic acid -* ferrocyanide + dehydroascorbic acid. In order that the first reaction may proceed from left to right, it is a necessary condition that the ratio ferri-/ferro-cyanide be such that the e.m.f. of the system (Eo = + 406mV. [Michaelis, 1933] ), shall be less positive than that of the system 1)IHb/Hb (Eo = + 140mV. at pH 7 [Taylor & Hastings, 1939] ).
METHODS
If equimolecular amounts of MHb and Hb were present, fulfilment of this condition would require that the ratio ferri-/ferro-cyanide should be less than 1: 27,000. This consideration, however, does not rule out the possibility of this reaction in the experiments just quoted, because these were carried out in the presence of CO, which, by combining with free Hb, so alters the value of the quotient MHb/Hb that the effective Eo of the system, as calculated from the equilibrium reached in the presence of ferrocyanide, becomes about + 380mV. It would be expected that in the absence of a gas with which haemoglobin combines, the catalytic effect of ferrocyanide would be much reduced or would disappear. Repetition of the experiments shown in Fig. 2 1-15 Methaemoglobin (60,Amol. in 2 ml.) +ascorbic acid (one equiv.). Vol. =2-2 ml.; temp. =37°. shows the analysis of one experiment. Determination of the order of the reaction by observation of the time required to reach 50 % reduction, starting with equivalent quantities of reactants at varying concentrations, also supported this conclusion (Table 3) . The effect of ascorbic acid concentration on the rate of reduction of methaemoglobin. The initial rate of reaction with constant MHb concentration should be proportional to the ascorbic acid concentration. An attempt to verify this relation was made by measuring the gas uptake during the first 10 min.
of the reaction, with varied amounts of ascorbic acid in the presence of two equivalents of glutathione, which, while itself reacting only slowly with MHb, maintained the ascorbic acid in the reduced form and enabled measurable gas uptakes to be obtained with the smaller concentrations of ascorbic acid. The results are shown in Table 4 . The apparent veIocity with small concentrations of ascorbic acid was much in excess of expectation, while the inhibition produced by saturation with 8-hydroxyquinoline was more marked in the case of low concentrations of ascorbic acid, suggesting that the reaction usually observed is made up of two components, the one a direct reaction between ascorbic acid and MHb, the other a reaction catalyzed by traces of metals in solution, the latter being little affected by increase of the ascorbic acid concentration beyond a low limiting value. DISCUSSION While similar behaviour towards ascorbic acid does not necessarily indicate that nitrite-MHb and ferricyanide-MHb are identical, the present results remove the experimental basis for the contrary view.
It may be remarked that Vestling [1942] found an equilibrium was reached between ferricyanideMHb and two equivalents of ascorbic acid when 83-95% of the MHb had been reduced. In this series of experiments, it has been found that when sufficient time is allowed (24 hr. at room temperature) reduction proceeds so far that the residual MHb does not amount to more than 1-2 % of the total pigment present. In view of the large difference between the potentials of the ascorbic acid and MHb/Hb systems in the presence of a gas coAibining with Hb, and the instability of dehydroascorbic acid, it would appear that the concept of an equilibrium must be largely illusory, and that Vestling's results may best be explained by the Vol. 37 617 I943 occurrence of secondary oxidative changes (for his experiments were not carried out under anaerobic conditions), and by the probability that insufficient time was allowed for the reaction to go nearly to completion. Extrapolation from the results obtained in vitro suggests that the rate of reduction of methaemo-.globin, which could be expected with the concentrations of ascorbic acid likely to occur in vivo, would be small-as compared with the rate of reduction of the pigment brought about by the enzymic mechanism of normal erythrocytes [Cox & Wendel, 1942] . The clinical use of ascorbic acid in the treatment of methaemoglobinaemia would thus appear to be limited to cases in which the normal enzymic mechanism for the removal of methaemoglobin is absent or has become suppressed. SUMMARY 1. It has been confirmed that ferricyanidemethaemoglobin, as ordinarily prepared, is reduced more rapidly by ascorbic acid than is nitritemethaemoglobin.
2. This difference is due to the catalytic effect of ferrocyanide on the reduction of methaemoglobin. There is thus no basis for the supposition that this effect indicates a chemical difference between the two forms of methaemoglobin.
3. Iron and copper salts produce similar catalytic effects.
4. The reaction between ascorbic acid and methaemoglobin is described by the equation for a bimolecular reaction.
